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INTRODUCTION
Human immunodeficiency virus type 1 (HIV-1) infection leads to the destruction of CD4+ T-helper cells [1] and is sexually transmitted in 80-90% of cases [2] . Interestingly, there are individuals who have been repeatedly exposed to HIV-1 infection but remain seronegative [3] . Such resistance has been observed among unprotected sex-workers, healthcare workers who are occupationally exposed, perinatally exposed children, regular sexual partners of HIV-1-infected individuals, and intravenous drug users using contaminated needles [4] . Considering sexual transmission is the most common path for HIV-1 transmission, sex-workers could represent a model group of HIV-1 resistance. In this respect, HIV-1 infection has a prevalence of 0.68% in Mexican sexworkers. However, the prevalence of HIV-1 could increase depending on if condoms are used and the amount of time a person has been working as a sex-worker [5] . For such interindividual variability in the response to HIV-1 infection several protective factors have been proposed. However, the main genetic mechanism involved in the protection against HIV-1-infection and AIDS-progression is Delta 32 allele in CCR5 gene [6] .
Human defensins exhibit antimicrobial activity against a broad spectrum of pathogenic microorganisms [7] . Human β-defensin-1 (hBD-1) is considered the most important antimicrobial peptide for defense against infection and is constitutively expressed in epithelial cells [8, 9] . It is hypothesized that the mechanism of β-defensins to block viral replication is through binding by CCR6 receptors, which competitively displaces the CCR6 ligand (MIP-3α) and results in T-cell and dendritic cell activation [10] . In addition, β-defensins induce intracellular signaling by interacting with chemokine and Toll-like receptors [11] affecting late events in HIV-1 replication [10] .
The DEFB1 gene encoding hBD-1 (GenBank accession number U50930 and U50931) lies on the human chromosome 8p23 and 214 annotated polymorphisms have been identified; some of which exhibit ethnic variability in allele frequencies and show controversial relationships with several diseases. Specifically, three single nucleotide polymorphisms (SNPs) in the 5' untranslated region (5'UTR) namely -52 G/A (rs1799946), -44 C/G (rs1800972) and -20 G/A (rs11362) have been reported as functional genetic variations that could modulate gene expression and/or modify the chemical structure of messenger RNA [12] [13] [14] [15] . These SNPs have been investigated for their participation in susceptibility to infection and AIDS progression. Unfortunately, there are few data available in the literature and results are inconsistent. In an Italian population, Braida L, et al. and Segat L et al., found association between -44C allele and increased mother-tochild HIV-1 transmission [16, 17] . Moreover, in Brazilian children, the -52A and -20G alleles were reported as markers of HIV-1 infection susceptibility [18] . Conversely, the -20G allele seems to confer protection against HIV-1 infection in a Colombian population [19] , while -52GG genotype seems to provide beneficial effects on viral replication in breast milk in Mozambican HIV-1-infected mothers [20] .
In this study, we analyzed the frequency of DEFB1 gene 5' UTR polymorphisms in three groups of Mexican women lacking Delta 32 allele, in order to determine the association with HIV-1 infection and AIDS progression.
MATERIALS AND METHODS

Samples
This case-control association study included a total of 413 unrelated women from the state of Sinaloa in Northwest, Mexico. Inclusion criteria took into account adult individuals with similar ethnic background. On the other hand, we excluded Delta 32 allele carriers, because we recently demonstrated its protective effect in women in the Northwest of Mexico [21] . Samples were classified into three groups according to the HIV-1/AIDS status: i) 164 HIV-1 seronegative samples of blood donors (BD; mean age 28.7 ± SD 9.3) from the General Hospital of Culiacan City (Sinaloa state); ii) 167 HIV-1 seronegative samples of sex-workers (SW; mean age 32.9 ± SD 7. To determine the exposure level to HIV-1 in sexworkers, condom use and employment time were considered as variables. The first variable was measured as: 1) always, 2) frequently, and 3) never; and the second was measured in days. The product of these two variables allowed us to arbitrarily establish two exposure levels: low-level (≤ 1 year working and consistent condom use) and high-level (≥ 1 year working and infrequent condom use).
In patient groups, CD4+ T-cell counts were performed by flow cytometry using a FACSCalibur (Becton Dickinson) and classified in three categories according to CDC 1993 classification system [22] . HIV-1 RNA levels in plasma were established by semi-automated COBAS Amplicor HIV-1 monitor standard format (Roche Diagnostic Systems) which detects and classifies the amount of HIV-1 RNA as low as 400 copies/mL of blood; these results were distributed in three categories: 1) low level, < 400 copies/mL; 2) intermediate, 400 to 100,000 copies/mL; and 3) high-level > 100,000 copies/mL. CD4+ T-cell categories, plasma viral load levels, HIV-1 transmission, clinical status and patient demographic data were registered in a database. We performed two measurements per year of CD4+ T cell and plasma viral load during a four year period. Most patients were receiving highly active antiretroviral therapy (HAART), and only 69 of them provided modes of HIV-1 transmission and clinical features ( Table 1) .
Voluntarily written consent from individuals was obtained. This study's protocol was approved by the Human Research Ethics Committee of the Biomedical Sciences College, at Universidad Autónoma de Sinaloa. Because of both the genetic susceptibility to complex traits and human polymorphisms exhibit inter and intra population variation, this study included only individuals born in the state of Sinaloa.
Genotyping
Genomic DNA was extracted from peripheral blood by the DTAB/CTAB method (23) . Subsequently, a 214-bp fragment that encompasses the polymorphisms of interest (-52 G/A (rs1799946), -44 C/G (rs1800972) and -20 G/A (rs11362)), was amplified using 5'-AGCCTCTGGAAG CCTCTGT-3' and 3'-ACTCACATCAGCCCCATTGT-5' as forward and reverse primers, respectively. PCR was performed on a Mastercycler gradient, thermocycling conditions were 95 °C for 10 min; 35 cycles of 95 °C for 15 sec, 63 °C for 60 sec, and 72 °C 60 for sec and lastly, a final extension of 72 °C for 10 min [24] .
The polymorphic site of -52A, -44G and -20A alleles was genotyped with NIaIV, BsmAI and BstNI restriction endonucleases, respectively [24] . Alleles and genotypes were observed directly on 6% of the silver-stained polyacrylamide gels, and subsequently confirmed through direct sequencing of PCR products at Macrogen Inc. (Korea).
Statistical Analysis
Genotypes and allele frequencies were compared between healthy blood donors, sex-workers and HIV-1 patients using Pearson's chi-square test or Fisher's exact test when one or more variables had < 5 values in an expected cell, whereas the Hardy-Weinberg equilibrium was calculated using Chi-square test with de Finetti software (http://ihg.gsf.de/cgi-bin/hw/hwa1.pl). Association between polymorphisms and HIV-1 infection and association between polymorphisms and CD4+ T cell count, HIV-1 plasma viral load, low-level and high-level of exposition were analyzed using the logistic regression model with Stata Intercooled version 12.1 (StataCorp LP, College Station, Texas).
Genotype combinations were counted in MatLab v. 2010B. Haplotype estimation and Linkage Desequilibrium were done in Arlequin v. 3.1. and confirmed with SHEsis software online (http://analysis.bio-x.cn/myAnalysis.php) [25] . P-values and ORs in haplotype comparison between groups as well as statistical power (SP) were calculated in EpiInfo v. 6 (StatCalc). Differences between groups of p < 0.05 were considered statistically significant.
RESULTS
Allele and genotype frequencies of polymorphisms in study groups are shown in Table 2 . Genotype distribution was in Hardy-Weinberg equilibrium for all three SNPs, except for -52 G/A polymorphism in SW and HIV-1 patients. DEFB1 -52GG genotype was higher in BD than in HIV-1 patients (p= 0.023; OR= 0.49; 95% CI = 0.25−0.95). In contrast, heterozygous genotype was significantly more frequent in HIV-1 patients than in BD (p= 0.013; OR= 2.03; 95% CI = 1.11−3.79); whereas, allele and genotype frequencies for -44 C/G polymorphism did not displayed significant differences between the studied groups ( Table 2) . A allele of the -20 G/A polymorphism was more frequent in HIV-1 patients (48.7%) than in BD (37.3%); thus, it was associated with susceptibility toward HIV-1 infection (p= 0.017; OR= 1.60; 95% CI= 1.06−2.40). Similarly, the homozygous AA was more prevalent in HIV-1 patients (22.8%) than in BD (12.7%), as well as when compared to sex-workers, although the latter lacked statistical significance ( Table 2) . Interestingly, we observed a gradient in A allele and AA genotype frequencies in relationship to risk for HIV-1/AIDS, because they were higher in HIV-1 infected group followed by sex-workers and the healthy control group.
In the SW group, polymorphisms were not associated with exposition levels to HIV-1 (data not shown). (Table 3) , of which ACG, Sex workers [5] Intravenous drugs user [1] Clinical Feature n=69*
Not other disease besides HIV-1 43
One infectious disease besides HIV-1 5
One non-infectious disease besides HIV-1 9
One infectious and one non-infectious diseases 11
One infectious and two non-infectious 1
Immunological Feature
Pretreatment CD4 + T cell count (cells/µL) n=82 (%) GCA and GGG were the most common in BD (0.36, 0.34 and 0.28, respectively). ACG haplotype frequency was higher in BD than in HIV-1 patients (p= 0.0099). Conversely, ACA haplotype was more frequent in HIV-1 patients than in both BD and SW groups (p< 0.05) suggesting this increases the risk to HIV-1 infection.
Finally, -44GG genotype in a co-dominant genetic model (p= 0.039) ( Table 4 ) and GGG haplotype (p<0.0001) were associated with intermediate level of plasma viral load (400-100,000 copies/mL), whereas that AGG haplotype was associated with CD4 T cells category 3 (<200 CD4 T cells/µL) (p<0.0001).
DISCUSSION
Human defensins are keys molecules of human innate immunity and have been studied in a broad spectrum of diseases such as autoimmune, inflammatory, cancer and infections [26] . Over the last decade, there has been an increased interest on the possible participation of β-defensins in susceptibility/resistance to HIV-1 infection and progression to AIDS.
Unfortunately, there are very few studied populations [16] [17] [18] [19] [20] . In the present study, our results demonstrate association between SNPs of DEFB1 gene and HIV-1/AIDS in Mexican women. Our findings are interesting considering some previous reports that reach similar and contrasting conclusions which are discussed below.
First off, the GG homozygosity of -52 G/A SNP decreases the risk to HIV-1 infection in Mexican women, which is in agreement with findings of a population in Trieste, Italy [16] ; while G allele has been reported as a protective factor against HIV-1 infection. Moreover, GA heterozygous increases the risk to HIV-1 infection by 2.2 times, which has not been previously observed in another disease or population [16] [17] [18] 20, 27] . This was the genotype with the highest statistical power (SP, 98.8%). In Brazilian children, A allele and AA genotype conferred protection (18) . It is well-known that A mutant allele correlates to a reduction of 25% of gene expression. Therefore, -52 G/A SNP has been investigated in several diseases, but in particular A allele is linked to a protective role in systemic lupus erythematous, inflammatory bowel diseases [28, 29] , and susceptibility to Staphylococcus aureus and Pseudomonas aeruginosa airway infection [30, 31] .
Secondly, A allele and AA genotype of -20 SNP were associated to 1.6 and 2.7 times increased risk to HIV-1 infection, respectively. This finding is in agreement with the observed results in a Colombian population where Zapata W et al. found association between A allele and a higher risk to HIV-1 infection. Moreover, a protective effect provided by GG genotype was also observed [19] . Jurevic et al. suggested that gene position -20 can be a NF-κB transcription factor binding site (TFBS) [12] ; however, our group reported that this TFBS is indeed in -44 site [32] . On the other hand, Milanese et al. stated that A allele is associated with a decrease in gene expression up to 25% compared to G allele [13] , leading to diminished hBD-1 levels, probably resulting in a weak innate immune response against HIV-1 infection.
It is possible that both -20 G/A and -52 G/A variants are in linkage disequilibrium regarding another SNPs within the 5' UTR region of the DEFB1 gene, favoring that certain haplotypes affect hBD-1 levels and therefore modulating innate immune responses to HIV-1. However, another possible explanation for these results may be the great interpopulation genetic variability in Mexico, whose population structure has been attributed mainly to differences in Amerindian and European ancestral components [33] .
Although -44C allele alters hBD-1 mRNA secondary structure, as well as a NF-κB1 binding site [33, 34] , it may be important in the induction of DEFB1 gene expression in an IFN-γ-dependent manner [34] . In the present study, -44 C/G SNP was not associated to susceptibility or resistance to HIV-1 infection, despite its association with increased mother-to-child HIV-1 transmission in an Italian population [16, 17] . Nevertheless, our research group previously showed the association of -44 C/G polymorphism with extrapulmonary tuberculosis [35] , and also to lepromatous leprosy in Mexican population [34] suggesting that hBD-1 could be an important molecule for innate immunity against intracellular bacteria.
Regarding haplotype frequency, ACG, GCA and GGG blocks were the most common in healthy blood donors, likewise in Italy, African American, Brazilian, German and Chinese populations [28, 29, [36] [37] [38] [39] .
Thirdly, haplotype analysis revealed a higher prevalence of ACG block in BD than in patient groups (OR= 0.55; 95% CI= 0.34-0.89), which might mean a decrease in the risk of HIV-1 infection. This beneficial effect found in this population is opposed to deleterious effects observed in other phenotypes [36, 40] . Furthermore, the frequency of ACA haplotype was significantly higher in patients group than in BD and SW groups (OR= 5.82; 95% CI= 2.33-16.43 and OR= 2.18; 95% CI= 1.07-4.46, respectively). To our knowledge, these findings have not been observed previously and we found this haplotype having the highest SP (99.89%). Regarding this haplotype, we hypothesized that simultaneous presence of -52A and -20A alleles may be harmful. Also, it could represent evidence that a combination of SNPs within DEFB1 5'UTR modulates the susceptibility to HIV-1. As observed, -52A/-20A haplotype was higher in patients than BD and SW groups (OR= 7.7 and 3.4, respectively) suggesting that Mexican females carrying the -52A/-44C/-20A or -52A/-20A haplotypes present greater vulnerability to HIV-1 infection. Unfortunately, in the present study we did not evaluate hBD-1 levels and its association with risk of HIV-1 infection.
On the other hand, we found association between -44GG genotype and GGG haplotype, and intermediate level of plasma viral load. This genotype, and probably the haplotype, decreases hBD-1 levels favoring progression to AIDS [13] . All patients received antiretroviral treatment of HIV-1, which together with lifestyles and other host biological factors that limit the viral replication improves the quality of life of patients, which could be a limiting factor in knowing the exact role of hBD-1 in this group of women with HIV-1/AIDS.
Because AGG haplotype was associated with CD4+ T cells category 3, we suggest a functional role of this haplotype in progression to AIDS. To our knowledge, the association between these haplotypes with CD4+ T cells count and plasma viral load has not been reported. However, in an Italian population, -44CG and -52GG genotypes have been associated with low levels of plasma viral load [41] . Likewise, in Mozambican women -52GG genotype was associated with low levels of HIV-1 RNA in breast milk [20] .
We conclude that -52GA and -20AA genotypes, and ACA haplotype were associated with an increased risk of HIV-1 infection, whereas -52GG genotype and ACG haplotype could play a protector role against HIV-1 infection. Moreover, -44GG genotype, GGG and AGG haplotype were associated with AIDS progression. Our findings suggest association between -52 G/A and -20 G/A SNPs and HIV-1 infection, and -44 C/G with disease progression, therefore the participation of DEFB1 gene polymorphims in HIV-1/AIDS pathogeny is feasible.
